Two new potential allelochemicals have been isolated from methanolic extract of the stems of Crotalaria medicaginea Lam. Along with three known compounds Quercitrin, Acacetin and Isorhamnetin. The structure of two new allelochemicals were characterized as 3,5,7,3′,4′-
Introduction
Crotalaria medicaginea Lam. [1] [2] [3] belongs to family leguminosae which is commonly known as "Gulabi" in Hindi. It is found throughout India from the W. Himalaya to Ceylon and Burma. The plant is used in medicine in Punjab. A variety of this species, var. Luxurians, common in western U.P. is considered to be a good camel fodder. The seeds may be used as cattle feed after cooking with common salt. Earlier workers [4] [5] [6] [7] [8] has reported various chemical constituents from this plant. In the present paper we report the isolation and structural elucidation of two new allelochemicals 3, 5, 7, 3′, 4′-pentahydroxy-6-methoxyflavone 
Experimental
All of the melting points were determined on a thermoelectrical melting point apparatus and are uncorrected. The IR spectra were recorded in KBr disc on Perkin Elimer spectrum RX1 (4000-450 cm -1 ). 1 H NMR and 13 C NMR spectra were recorded at 90 MHz using solvent DMSO-d 6 and TMS as internal standard on Bruker DRX-300 spectrometer. UV spectra were max (cm -1 ), 3400, 2924, 2848, 1730, 1465, 1375, 1269, 1025, 746, 584, 537, 428; 1 H NMR (90 MHz, DMSO-d 6 ),  (ppm); 6.43 (1H, s, H-8), 9. 28 (1H, s, 3-OH), 11 .40 (1H, s, 5-OH), 10 .74 (1H, s, 7-OH), 3 .81 (3H, s, 6-OCH 3 
Acid hydrolysis of compound 1
Compound 1 (50 mg) was dissolved in ethanol (15 mL) and refluxed with 20 mL of H 2 SO 4 on water bath for 6-8 h. The reaction mixture was concentrated and allowed to cool and residue was extracted with diethyl ether (Et 2 O). The ether layer was washed with water and evaporated to dryness. The residue was subjected to column chromatography over silica gel column using CHCl 3 : MeOH (3:6) to give compound 1-A, identified as 3, 5, 7, 3′, 4′pentahydroxy-6-methoxy flavone by comparison of its spectral data with reported literature values. The aqueous hydrolysate was neutralized with BaCO 3 and BaSO 4 filtered off. The filtrate was concentrated and subjected to paper chromatography examination using nBAW (4:1:5) solvent and aniline hydrogen phthalate as spraying reagent, showed the presence of L-rhamnose (R f 0.36), D-glucose (R f 0.19) and D-xylose (R f 0.27) (Co-PC).
Study of compound 1-A
It has m.f. C 16 13 
Permethylation of compound 1
Compound 1 (30 mg) was refluxed with MeI (10 mL) and Ag 2 O (20 mL) in DMF (25 mg) for two days and then filtered. The filtrate was hydrolyzed with 10% ethanolic H 2 SO 4 for 6-7 h, to give methylated aglycone identified as 3, 7-dihydroxy-5, 6, 3', 4'-tetramethoxy flavone and methylated sugars, which were identified as 2, 3, 4 -tri-O-methyl-L-rhamnose (R G 1.02), 2, 3, 4, 6-tetra-O-methyl-D-glucose (R G 1.00) and 2, 3-di-O-methyl-D-xylose (R G 0.73).
Enzymatic hydrolysis of compound 1
Compound 1 (25 mg) was dissolved in MeOH (20 mL) and hydrolysed with equal volume of takadiastase enzyme. The reaction mixture was allowed to stay at room temperature for 2 days and filtered. The proaglycone and hydrolysate were studied separately. The hydrolysate was concentrated and subjected to paper chromatography examination using nBAW (4:1:5) as solvent, which showed the presence of L-rhamnose (R f 0.36) (Co-PC). The proaglycone was dissolved in MeOH (25 mL) and further hydrolysed with equal volume of almond emulsin enzyme at room temperature as usual procedure yielded aglycone, identified as 3, 5, 7, 3', 4'-pentahydroxy-6-methoxy flavone and sugars were identified as D-glucose (R f 0.82) and D-xylose (R f 0.27) (Co-PC).
Study of compound 2
It was crystalysed from acetone to yield 950 mg. It has m.p. 234-235 C, m.f. Compound 2 (50 mg) was dissolved in ethanol (15 mL) and refluxed with 20 mL of H 2 SO 4 on water bath for 6-8 h. The reaction mixture was concentrated and allowed to cool and residue was extracted with diethyl ether (Et 2 O). The ether layer was washed with water and evaporated to dryness. The residue was subjected to column chromatography over silica gel column using CHCl 3 : MeOH (3:6) to give compound 2-A, identified as 3, 5, 7-trihydroxy-8, 4′-dimethoxy flavone. The aqueous hydrolysate was neutralized with BaCO 3 and BaSO 4 filtered off. The filtrate was concentrated and subjected to paper chromatography examination using nBAW (4:1:5) solvent and aniline hydrogen phthalate as spraying reagent, showed the presence of L-rhamnose (
Study of compound 2-A
It has m.f. C 17 
Permethylation of compound 2
Compound 2 (20 mg) was refluxed with MeI (10 mL) and Ag 2 O (20 mL) in DMF (25 mg) for two days and then filtered. The filtrate was hydrolyzed with 10% ethanolic H 2 SO 4 for 6-7 h, to give methylated aglycone, identified as 5,7-dihydroxy-3, 8, 4'-trimethoxy flavone and methylated sugars, which were identified as 2, 3, 4, 6 -tetra-O-methyl-D-galactose (R G 0.89), 2, 3, 4-tri-O-methyl-L-rhamnose (R G 1.02) and 2, 4-di-O-methyl-L-arabinose (R G 0.63).
Enzymatic hydrolysis of compound 2
Compound 2 (15 mg) was dissolved in MeOH (20 mL) and hydrolysed with equal volume of takadiastase enzyme. The reaction mixture was allowed to stay at room temperature for 2 days and filtered. The proaglycone and hydrolysate were studied separately. The hydrolysate was concentrated and subjected to paper chromatography examination using nBAW (4:1:5) as solvent, which showed the presence of L-rhamnose (R f 0.36) and L-arabinose (R f 0.22) (Co-PC). The proaglycone was dissolved in MeOH (25 mL) and further hydrolysed with equal volume of almond emulsin enzyme at room stemperature as usual procedure yielded aglycone, identified as 3, 5, 7-trihydroxy-8, 4'-dimethoxy flavone and sugar was identified as D-galactose (R f 0.15) (Co-PC).
Antimicrobial activity of compounds 1 and 2
The antibacterial activity of compounds 1 and 2 was determined by filter paper disc diffusion method 9 . The various gram (+ve) and gram (-ve) bacterial species were first incubated at 48 C for 42 h. The sterile filter paper discs (6 mm) were soaked with standard antibacterial agent and various test samples and were dried at 50 C. The discs were then placed on soft nutrient agar (2%) petri plates previously seeded with suspension of each bacterial species. The diameters of zone of inhibition were measured at 35±1 C after 24 h. The results are recorded in Table 1 .
The antifungal activity of compounds was measured by PDA (Potato Dextrose Agar) with 4% agar for the preparation of plates and incubated with spores and mycelium suspension of fungi obtained from one week old culture. The diameters of zone of inhibition were measured at 26±1 C after 46 h. The results are recorded in Table 2 . 
Study of compound 4
It was crystalysed from acetone to give 450 mg. It has m.f. C 16 
Study of compound 5
It was crystallized from acetone to give 350 mg. It has m.f. C 16 
Results and Discussion
Chemical examination of methanolic extract of stems of Crotalaria medicaginea Lam., gave two new allelochemicals 1 and 2. Compound 1 (Figure 1 12 . Periodate oxidation of compound 1, confirmed that all the sugars were present in the pyranose form 13 .
The positions of sugar moieties in compound 1 were determined by permethylation 14 followed by acid hydrolysis yielded methylated aglycone identified as 3, 7-dihydroxy-5, 6, 3', 4'-tetramethoxy flavone showed that glycosydation was involved at C-3 and C-7 positions of the flavanone and methylated sugars were identified as 2, 3, 4 -tri-O-methyl-Lrhamnose (R G 1.02), 2, 3, 4, 6-tetra-O-methyl-D-glucose (R G 1.00) and 2, 3-di-O-methyl-Dxylose (R G 0.73) indicating that C-1''-OH of L-rhamnose was linked at C-3 position of the aglycone, C-1''''-OH of D-glucose was linked to C-4'''-OH of D-xylose and C-1'''-OH of D-xylose was attached with C-7 position of the aglycone. Therefore it was concluded that interlinkage (14) was found between D-glucose and D-xylose which was further confirmed by 13 10 showing its flavonoidal glycosidic nature. Its IR spectra showed strong absorption bands at 3484, 2906, 2873, 1656, 1623, 1591, 926 and 852 cm -1 . In UV spectrum two bands at 264 nm and 364 nm showed its flavonoidal skeleton. The bathochromic shift of 23 nm with AlCl 3 and 35 nm with NaOAc in band I relative to methanol showed the presence of -OH groups at C-5 and C-7 positions in the aglycone 2-A 15, 16 . 12 . Periodate oxidation of compound 2, confirmed that all the sugars were present in the pyranose form 13 .
The positions of sugar moieties in compound 2 were determined by permethylation 16 followed by acid hydrolysis yielded methylated aglycone identified as 5, 7-dihydroxy-3, 8, 4'-trimethoxy flavone showed that glycosydation was involved at C-5 and C-7 positions of the flavone and methylated sugars were identified as 2, 3, 4, 6 -tetra-O-methyl-D-galactose (R G 0.89), 2, 3, 4-tri-O-methyl-L-rhamnose (R G 1.02) and 2, 4-di-O-methyl-L-arabinose (R G 0.65) indicating that C-1''-OH of D-galactose was linked to C-5 position of the aglycone, C-1''''-OH of L-rhamnose was linked to C-3'''-OH of L-arabinose and C-1'''-OH of L-arabinose was attached with C-7 position of the aglycone. Therefore, it was concluded that interlinkage (13) between L-rhamnose and L-arabinose was found which was further confirmed by 13 Table 1 showed that compound 1 was found to be active against gram bacteria Micrococcus luteus (+ve) at lower concentration and no activity was found against E.coli(-ve), Staphyloccus aureus (+ve) and Bacilius subtilis (+ve). Compound 2 has also shown less activity against bacteria E. coli (-ve), Bacilius subtilis (+ve) and Micrococcus luteus (+ve). In case of antifungal activity compound 1 showed activity against Candida albicans and no activity was found against Rhizopus oryzae, Aspergillus niger and Mucor indicus. Compound 2 showed less activity against Candida albicans, Aspergillus niger and Mucor indicus at lower concentration.
Conclusion
The phytochemical analysis of methanolic extract of Crotalaria medicaginea Lam. shown the presence of two new allelochemicals. These compounds showed antibacterial and antifungal activity against various gram positive and gram negative bacteria and fungi. The results also suggested the medicinal importance of the plant. The plant could serve as useful sources for new antimicrobial agents.
